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ABSTRACT 

Aims. We present the results of spectroscopic- and orbit-sampled photometric observations of the faint UV-excess object PG 2200+085. 
Metiiods. The optical CCD photometry observations of this object were performed by the Russian-Turkish 1.5-meter telescope RTT150 at the 
TUBITAK National Observatory (Turkey). The long-slit optical spectroscopy observations with 2.6 A resolution were carried out by 6-meter 
telescope BTA at the Special Astrophysical Observatory (Russia). 

Results. The photometric variations over two nights are almost sinusoidal with an amplitude Amv = 0."'04 and a period of P = 0.3186d. Such 
a light curve is typical of a detached close binary with an illumination effect or the ellipsoidal deformation of a secondary star. The observed 
spectrum clearly displays a featureless blue continuum of a hot component and a rich absorption-line and molecular band K-star spectrum. 
The Call line profiles with strong emission cores are remarkably similar to those of V471 Tau. 
Conclusions. We tentatively classify PG 2200+085 as a pre-cataclysmic binary of the V471 Tau type. 

Key words, stars: binaries: close - stars: binaries: spectroscopic - stars: binaries: photometry - stars: individual: PG 2200+085 - stars: novae, 
cataclysmic variables 



1. Introduction 

PG 2200+085 = USNO-A2.0 0975-20754051 (aaooo = 
22''03"'19^72, ^2000 = 08°45'36".5) is one of the faint ultra- 
violet sources, my = 14.'"21 inc luded in the Palomar-Green 
(PG) catalogue dGreenetal. 1986) . A finding chart for the ob- 
ject is shown in Fig. 1 . The spectrum of this star was classified 
as composite, and its colour index indicates radiation excess in 
the red spectral region. Later, Schultz et al. ( 1996) found an ab- 
sorption feature in the spectrum of PG 2200+085 in the region 
of the Ha line. Apart from that, PG 2200+085 has not been 
studied in any further detail. 

During the preliminary photometric observations of PG cat- 
alogue objects that we performed in 2002, we found indica- 
tions of light variations of PG 2200+085 with an amplitude of 
Amy = 0.'"02. Therefore, in 2003, we performed a more fo- 
cused investigation of PG 2200+085, including longtime pho- 
tometry with a high-quality CCD-detector over several nights 
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and spectroscopy with the 6-meter telescope of the Special 
Astrophysical Observatory (Russia). 

2. Observations 

2.1. Photometry 

Photometric observations of PG 2200+085 were performed on 
September 18-20 2003, with the 1.5-meter Russian-Turkish 
telescope RTT-150 at the TUBITAK National Observatory 
(Turkey) on Bakirlitepe Mountain (see Table 1). The ther- 
moelectric ally cooled CCD camera ANDOR (model DW436, 
2048x2048 with 13.5 x 13.5 fim pixels) with an operating tem- 
perature of -60° C installed at the Cassegrain focus was used. 
All observations were carried out in the V-band with an expo- 
sure time of 30 sec and a full frame readout time of 37 sec 
(binning 2 x 2). The total observation time during each night 
was about 6 hours at an average seeing of 2.5 arcsec. Four 
stars of similar magnitudes in the field of the CCD (8' x 8'), 
which are identified in Fig. 1, have been used as compari- 
son stars (see Table 2). Five Landolt standard stars have been 
observed over both nights, and they have been used to de- 
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Table 1. Log of photometric observations. 



Data 
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Number 




JD 


hours 


of points 
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20.09.2003 


2452902.29269 
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Table 2. Variable and comparison stars. Coordinates and mag- 
nitudes ai-e from the USNO-2A catalogue (Monet et al. 1998). 
The stars are also identified in Fig.l. 
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Fig. 2. The light curve of PG 2200+085 on September 19-20, 
2003. The solid curve is the sine function best fitted to the ob- 
served data. 



Fig. 1. Finding chart of PG 2200+085. North is at the top and 
east to the left. The size is 8' x 8'. 

termine the V-magnitudes of the reference stars in the field 
around PG 2200+085. The brightness of these stars was con- 
stant within the error of the differential photometry of the two 
objects (Amy = O.'^Ol). 



Table 3. Log of spectroscopic observations. N: the spectrum 
number, S /N : signal-to-noise ratio, ipi and (p2- orbital phases 
with respect to ephemeris 1 and 2. 
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UT 
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S/N 


Vi 


<P2 
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22" 16"' 


2452855.4326 


91 


0.354 


0.177 
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22* 26"' 


2452855.4395 
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0.376 


0.188 
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0.398 
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2.2. Spectroscopy 

Spectroscopic observations of PG 2200+085 were car- 
ried out at the 6-meter telescope BTA of the Special 
Astrophysical Observ atory with a long-slit spectrograph 
jAfanasiev et al. 1995h and with a nitrogen-cooled CCD 
(1024 X 1024 with 24 x 24 //m pixels) installed at the prime 
focus. Observations were performed on August 3, 2003, under 
excellent weather conditions, with an average seeing of about 
l."3 (see Table 3). We used a 1302 lines mm"' grating, which 
gives a AA - 2.6 A resolution in the wavelength region AA 
3860-5100 A. Three subsequent spectra with the same expo- 
sure time of 600 s and with a signal-to noise ratio of S /N ~ 100 
were taken. For the calibration of wavelengths, fluxes, and ra- 



dial velocities Ar-Ne-He lamp spectra and spectra of the spec- 
trophotometric standard star BD +28 2106 from the review by 
Bohlin (1996) were taken. 

The photometric and s pectroscopic dat a reduction was per- 
formed using the MIDAS jBallester 19921) program package. 

3. Data analysis 

3.1. The light curves and ephemeris 

The dependence of the magnitude my of PG 2200+085 versus 
the Julian date of our observations on September 19 and 20, 
is shown in Fig. 2. It is obvious that the light curves during 
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Fig. 3. The light curves of PG 2200+085 folded with the period 
0.''31858(a)and 0/63716 (b). 



both nights are almost sinusoidal, with a similar amplitude of 
Amy = 0."'04. The fitting of the light curve with a simple sine 
by the;\f^ technique resulted in the following ephemeris: 

HJD = 2452900.558(+0.001) + 0.31858(+0.00022)(^, (1) 

where (p = 0.0 corresponds to the minimum of niy. The light 
curve folded with this period is shown in Fig.|^. Such a light 
curve is typical of a close binary with a reflection effect where 
the ultraviolet radiation of the hot primary component is ab- 
sorbed and reemitted in the optical region from the facing hemi- 
sphere of the secondary. 

Fitting the light curve by the three-parameter expression 



mi OT2 
my — mo + — * cos{2nip) + — * cos{Ajnp) 



(2) 



leads to mi = 0.'"045 ± 0."'0003 and m2 « 0.'"002. The small 
value of mi means that either the reflection effect or the orbital 
inclination is small, and the very small value of W2 indicates 
that any superposed ellipsoidal variations in this light curve are 
very small. 

However, based on the available photometric data, we can- 
not exclude the possiblity that the orbital period is twice the 
value given in ([TJ and that the light curve is double-humped. 
The indirect argument in favour of this possibility is the 10% 



Fig. 4. Observed spectrum of PG 2200+085, theoretical spec- 
trum of the K-star and blue continuum of the hot component 
(a); observed profiles of Call AA 3933, 3968 A fines (b). 



difference in the amplitude of the variation of my during the 
nights September 19-20. Correspondingly, the light curve could 
also be described (see Fig.l^') by the ephemeris: 

HJD = 2452900.558(±0.001) + 0.63716(+0.00051 V (3) 

Fitting the light curve with Eq. ^ yields the parameters mj - 
0."'004 ± 0.'"0003 and mz = 0.'"044 + 0.'"0003. Therefore, if 
ephemeris (|3} applies, then the main ligfit variations (0.'"044) 
arise due to elfipsoidal deformation of the secondary. 

3.2. The spectra 

Cross-correlation analysis of the Doppler line shifts in the three 
spectra of PG 2200+085 showed the constancy of the radial 
velocities with a measuring accuracy of AV - 3 km s"' dur- 
ing the 30 min of observations. At the same time, all important 
features in these spectra had similar intensity. Therefore, we 
added the three spectrograms. This yielded the final spectrum 
with S /N > 170 shown in Fig.^^. The presence of strong ab- 
sorption lines from atoms and ions of heavy elements and weak 
molecular bands allows us to classify one of the components as 
a main sequence K-star. 
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To determine the temperature of this star, we computed syn- 
thetic spectra for different values of T^ff and with log^ = 4.5, 
[A] - 0.0 and compared them to the observed spectrum. 
The computa tions were performed by mea ns of the program 
SPECTR (Sakhibullin & Shima nskv igQ?* ). whereby we ig- 
nored the possible reflection effect in the binary. The observed 
ratios of the intensities of the metal lines are well modelled 
(see Fig.|^) with a temperature Tf^g - 4600 + 200A'. However, 
the high level of the observed continuum and the low line in- 
tensites indicate the presence of additional flux from the hot 
component of PG 2200-1-085. To extract the contribution of this 
component, we subtracted the theoretical spectrum of the K- 
star (scaled to the best agreement of observed and theoretical 
line intensities) from the observed spectrum of PG 2200-1-085. 
The residual spectrum shown in Fig. |^ does not show any 
significant absorption or emission lines. The strong absorption 
feature near AA 4750-4800 A is the result of neglecting the 
molecular bands in the synthetic K-star spectrum. Therefore, 
this feature is not part of the spectrum of the hot component. 
We note that the real flux distribution of the hot component is 
possibly even steeper than shown in Fig. |^ because we have 
ignored interstellar absorption. As a result, we can conclude 
that the observed spectrum of PG 2200-(-085 is composite (as 
mentioned by Green et al. (1986), with contributions of a hot 
white dwarf and a K-star 

At the time of our observations, the radial velocity of the 
K-star was V,- -57 + 3 km s"'. According to our ephemeris 
O, the spectrograms were taken at the phases (f - 0.34, 0.36 
and 0.38. The absence of radial velocity variations of the K- 
star between these phases allows us to set an upper limit on 
the orbital radial velocity amplitude of Vr < 30 km s ' . On the 
other hand, if we use (|3}, the corresponding upper limit for the 
radial velocity amplitude of the K-star is 110 km s ' . 

In the spectrum of PG 2200H-085 emission lines of ion- 
ized calcium AA 3933, 3968 A can be seen ( Fig. |^). 
The measured equivalent widths of these lines are W^(3933) 
= 1.1 A and W^(3968)=0.9 A. These widths are too smafl 
for a typical K-star without flares. Similar intensities of 
Call em ission lines are, howe ver, seen in published spec- 
tra ( Skil lman & Patterson 1988h of the pre-cataclysmic binary 
V471 Tau at an orbital phase (p = 0.25. Moreover, the inten- 
sities of all absorption lines in the spectra of V471 Tau and 
PG 2200-H085 are very similar 

4. Interpretation 

There are a number of possible explanations of the observed 
basic features. We begin by recalling them: 

1 . The light curve shown in Fig.|3lis almost sinusoidal with an 
amplitude of AV ^ 0."'045. 

2. As can be seen from Fig. |3 even in the restricted wave- 
length range shown the flux from the hot component ex- 
ceeds the flux of the K-star. 

3. The system does not eclipse. 

In the following we consider three hypotheses, which could ex- 
plain the observed light curve. 



1 . We see a reflection effect in a close detached binary system 
(a pre-CV). In this case, the orbital period of the system is 
0.3186 d and the reflection effect or the orbital inclination 
is small. 

2. We see ellipsoidal variations due to the tidal distortion of 
the K-star in a close detached binary system (a pre-CV). In 
this case, the orbital period of the system is 0.6372 d. 

3. We see light variations arising from the rotation of a 
highly magnetized hot white dwarf with an inhomogeneous 
surface brightness di stribution, similar to RE J03 17-853 
llBarstow et al. 19 95bV in a wide binary system. In this 
case, the period of 0.3186 d reflects the white dwarf's rota- 
tion period. 

At present, we do not have sufficient observational data to 
clearly distinguish between these possibilities. However, there 
is a statistical argument against the third hypothesis. Hot 
(Teff > 40 000 K) and strongly magnetized white dwarfs, 
such as RE J03 17-853, seem to be very rare objects, much 
rarer than pre-CVs. Indeed, only four such white dwarfs 
( Wic kramasinghe & Ferrario 20 00) are currently known. In ad- 
dition, none of them has an unresolved, i.e., very close compan- 
ion, that can be found by spectroscopic methods only. From this 
we may conclude that a priori the probability for PG 2200-H085 
being a pre-CV is much higher than for a hot and strongly mag- 
netized white dwarf with a K-star companion. Therefore, we 
consider the first two of the above hypotheses more likely. 

Based on the available photometric data alone, and lacking 
radial velocity data, it is not possible to distinguish between a 
reflection effect and ellipsoidal variations. Here, however, we 
wish to discuss arguments that point strongly in favour of the 
shorter of the two periods, i.e., that the observed brightness 
variations are due to a reflection effect. 

The second observational point allows us to derive a 
rough lower limit of the primary's effective temperature. Using 
Stefan-Boltzmann's law we get 

Te«,l > ij-] reff,2, (4) 

where Ri and R2 are, respectively, the radius of the primary and 
the secondary, and Teft\2 the secondary's effective temperature. 
Adopting typical values for the white dwarf, i.e., M[ - 0.6Mq, 
Ri - 0.01/?o, and Tgff ^ = 4600K, we obtain a lower limit 
TefF,! > 38500K. Thus, if the primary is a white dwarf (with 
a radius ~ Q.QIRq), then it must be rather hot and, therefore, 
could also account for a reflection effect on the facing hemi- 
sphere of the secondary. For our estimate we have assumed 
that the K-star secondary has a mass of Q.IMq and a radius 
of QJRq. It is clear that the resulting primary temperature is 
only a lower limit. It is possible to derive an even stronger limit 
on the temperature of the hot star. Both stars have comparable 
fluxes at 5000 - 6000 A. At these wavelengths, the spectral en- 
ergy distribution of the K-star has its maximum, whereas for 
the hot star, we are seeing the Rayleigh-Jeans tail of its spectral 
energy distribution. Assuming black bodies for both stars, we 
can estimate the temperature of the hot component: 
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PG2200+085 is not known to be a soft X-ray source', therefore 
the hot component has a temperature less than » 2 ■ 10^ K and 
a radius larger than O.O2/?0. 

We can also make a simple estimate of the amplitude of the 
resulting reflection effect as follows: Assuming that the bolo- 
metric luminosity of the facing hemisphere of the secondary 
is the sum of half the secondary's intrinsic luminosity plus the 
illumination luminosity, i.e., 

1 1/^2 \^ 

L2,imnt - 2^bol.2 4^'^] ^^ol,l (6) 

and that the luminosity of the hemisphere in the shadow of the 
white dwarf is 

i^a.back - - ibol,2, (7) 

we obtain from Eqs. (4)-(6) 

^>l4(^f. (8) 

We note that Eq. (7) overestimates the ratio i2,front/i'2,back be- 
cause we have implicitely assumed parallel illumination rather 
than illumination from a relatively nearby point source, and 
because the secondary loses less than half of its luminos- 
ity over the illuminated hemisphere. In fact, if the irradiating 
flux greatly exceeds the secondary's (unperturbed) flux, energy 
loss through the irradiated hemisphere will be essentially sup- 
pressed (see, e.g., Biining & Ritter 2004) and the first term on 
the right-hand side of Eq. (7) vanishes. 

From our estimate of the K-star parameters, together with 
Ml = O.6M0 and the short orbital period P - 0.3186d, we ob- 
tain A/Wboi > 0.057 mag as a lower limit of the reflection effect. 
This is probably big enough to account for the observations. 
If, on the other hand, P - 0.6372d, we still get a contribution 
from the reflection efifect of Amboi > 0.02mag. Such a contri- 
bution is, however, not seen in the observed light curve. Thus, 
if f = 0.6372d, the modulation, being an almost a pure sine 
at half that period, must be entirely due to ellipsoidal varia- 
tions with essentially no contribution from a reflection effect. 
Because the amplitudes of both effects, i.e., reflection effect 
and ellipsoidal variations, depend in a similar way on the or- 
bital incination (both vanish for very low inclinations), having 
ellipsoidal varations without a reflection effect means that there 
is no reflection effect at all. 

Although the above estimate of the amplitude of the reflec- 
tion effect shows that there should be some non-negligible con- 
tributions, one could still argue that this estimate is inadequate. 
Therefore, let us briefly address the possibility of ellipsoidal 
variations. Now P - 0.647 16d. With the above standard pa- 
rameters, we find that the radius of the secondary in units 
of its Roche radius /?2,r is ~ 0.52. Because the tidal deforma- 
tion of a star that is only about half the size of its Roche ra- 
dius is small and because the orbital inclination can also not be 
too high (note the absence of eclipses and the low limit on the 
radial velocity amplitude), we would argue that the observed 
amplitude of the light variations cannot be explained in terms 
of ellipsoidal variations. 

' http://wave.xray.mpe.mpg.de/rosat/catalogue 



Finally, there is an even more compelling argument in 
favour of the reflection effect interpretation: In Fig.|5]we show 
the position of 43 pre-cataclysmic binaries listed in Table0]in a 
Teff,! - /"-diagram, in which the size of each symbol (filled cir- 
cles) indicates the amplitude of the observed reflection effect 
together with the lowest possible position(s) of PG 2200-1-085 
(open circles), based on our above estimate of the primary's ef- 
fective temperature and the two possible orbital periods. First, 
we see the expected trend, namely that the larger the amplitude 
of the reflection eff'ect, the higher the effective temperature of 
the irradiating star and the lower the orbital period. Second, we 
see that based on its position(s) in this diagram, PG 2200-1-085 
is also expected to show a (weak) reflection effect, even for 
the longer orbital period (in agreement with our rough estimate 
above). The outliers in this diagram that seem to violate the 
trend are the systems FF Aqr and 1150H-5956. The contradic- 
tion is, however, only apparent. In the case of FF Aqr, the pri- 
mary is not only a rather hot sdO star, but it also has a much 
larger radius (~ O.16/?0, see Vaccaro & Wilson 2003) and lu- 
minosity than an ordinary white dwarf. This can fully account 
for the large reflection effect, even at that long orbital period, 
as has been shown by Vaccaro & Wilson (l2003l) . In the case 
of 1 150H-5956, the orbital period is a very preliminary and de- 
tailed time-resolved photometry which could reveal a reflection 
effect that is cuiTently unavailable. 

From these arguments, we would then conlude that the true 
orbital period of PG 2200-1-085 is P = 0.3186d and that the ob- 
served periodic modulation is the result of a reflection effect on 
the K-star caused by the hot primary white dwarf. The compar- 
atively small amplitude of the reflection effect, in turn, results 
from the relatively low inclination of the system. 



5. Conclusions 

The observations presented in this paper allow us to conclude 
that PG 2200-1-085 is a pre-cataclysmic binary consisting of a 
hot ( pre-) white dwarf and a K-dwarf companion, and with an 
orbital period of either P = 0.3186d or P = 0.6372d. When 
comparing PG 2200-1-085 to the pre-cataclysmic binaries listed 
by Schreiber & Gansicke ('2003'), or to the most recent version 
(release 7.4) of the Ritter & Kolb (2003.) catalogue, we note 
that PG 2200-H085 is only the second such system consisting 
of a white dwarf and a K-star companion (the other one be- 
ing V471 Tau). All other known short-period pre-cataclysmic 
binaries either consist of a white dwarf and an M-dwarf com- 
panion, or, if the companion is a K-star, the hot component 
is an extremely hot sdO star. From the evolutionary point of 
view, systems like V471 Tau and PG 2200H-085 are interst- 
ing because they are the direct progenitors of cataclysmic vari- 
ables with a comparatively long orbital period, i.e., P > 6hr. 
We cannot exclude the other possibility, namely, that this ob- 
ject is a wide binary consisting of a hot, highly magnetized 
white dwarf and a K-star companion. But, according to the 
statistical arguments presented above, this is much less prob- 
able. Nonetheless, if it were true, PG 2200-1-085 is an even 
more interesting object than a pre-CV. For this reason alone, 
PG 2200H-085 deserves further and detailed study. 
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Table 4. Pre-cataclysmic binaries for which the orbital period and the effective temperature refrj of the hot component are known. 
A + in the column giving the amplitude of the reflection effect indicates that a reflection effect of unspecified (and probably small) 
amplitude has been seen. 
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Fig. 5. Effective temperature Teff i plotted versus orbital period 
for the systems listed in Table |4] The size of the filled circles 
indicates the amplitude of the reflection effect. The smallest 
symbol is for systems without a reflection effect, the largest for 
those where Amreo > 0.2mag, the second to largest for those 
where 0.2mag > Amjefl > 0.1 mag, and the second to smallest 
for those where O.lmag > Amrefl > mag. The lowest position 
of PG 2200+085 in this diagram is shown by the two open cir- 
cles. The labels FF and 1 150 refer, respectively, to the systems 
FFAqrand 1150+5956. 

In the framework of the pre-CV hypothesis, we have pre- 
sented theoretical and observational arguments that resolve the 
orbital period ambiguity in favour of the shorter period P - 
0.3186d, i.e., we favour the interpretation that the optical mod- 
ulation is due to a reflection effect on the facing hemisphere 
of the K-star, which, in turn, is caused by iiTadiation from the 
moderately hot (Tetf,! > 38500 K) white dwarf. However, for 
a final decision about which of the two proposed periods is the 
correct one, a detailed radial velocity study of PG 2200+085 is 
required. 
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